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Abstract Gas lift technology increases oil production
rate by injection of compressed gas into the lower section
of tubing through the casing–tubing annulus and an orifice
installed on the tubing string. To achieve optimum recov-
ery, operation must begin at the optimum time, in addition
to inject optimum gas rate. In this work, we develop a new
approach to consider the time factor in the gas lift opti-
mization process. A piecewise cubic Hermite function is
used to model the gas lift performance. The optimization
procedure for gas allocation to several wells is achieved
using the Genetic algorithm approach. The developed
model was used to study the effect of gas lift initiation time
on the reservoir life and net present value. Our calculations
showed that the initiation time has a noticeable influence
on the optimization procedure and should be considered a
major factor for gas allocation problems in real fields.
Keywords Gas lift optimization  Genetic algorithm 
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Introduction
The most similar artificial lift method to the natural
flow process is gas lift. In a well under the gas lift, the
injected free gas, which is lighter than the displaced
oil, reduces the density of the flowing fluid leading to
an increase in the drawdown pressure and oil
production.
If a sufficient amount of gas is available, gas is
injected to all wells at its optimum value to achieve
maximum oil production. However, because of the limited
available gas in most circumstances, it is impossible to
reach the maximum oil production for each well. There-
fore, we have to distribute the available gas between
wells. This approach is called gas allocation optimization
which increases the oil production and decreases the gas
compression cost. Nishikiori et al. (1989, 1995), Buitrago
et al. (1996), Alarcon et al. (2002), and Ray and Sarker
(2007) proposed different methods for solving this prob-
lem. The optimization approaches are based on the gas
lift performance curve (GLPC) for all of the wells in the
field
Gutierrez et al. (2007) went a step further and optimized
gas lift operation in an integrated model. They considered
the process and injection model in addition to the reservoir
and well gathering system.
For all of the mentioned approaches, gas lift oper-
ation starts at a specific time for all wells. The initi-
ation time of the gas lift operation was never
considered a constraint. In this paper, we present a new
approach to generate an appropriate model to couple
time effect, GLPC, and economic considerations to
optimize the gas allocation for a system of wells and
answer the question regarding to the best time for gas
lift initiation.
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Mathematical model
The liquid production rate for each well during gas lift is a
nonlinear function of the gas injection rate, calculated as
follows:
q1 ¼ dðqgÞ ð1Þ
However, there is no explicit function for determining the
production level for all wells. Thus, we have to collect pro-
duction data for a number of discrete points of oil production
at different injection gas rate values to generate an approxi-
mated function. Recently, the use of piecewise linear function
(Kosmidis et al. 2005; Ray and Sarker 2007) or quadratic
function (Camponogara and Nakashima 2006a, b) has
become frequent. However, these approaches overestimate or
underestimate the correct value of the production rate.
Therefore, to find a more accurate interpolator, we tested other
functions like polynomial, cubic Spline function and piece-
wise cubic Hermite function. As shown in Fig. 1, our calcu-
lations illustrated that polynomial and cubic Spline functions
have the tendency to vibrate around the available points. This
tendency is a problem, even if the point interval in the x axis is
great. To reduce this problem, the piecewise cubic Hermite
interpolation is presented in this article and, as shown in
Fig. 1, it is the best estimator to enable continuity in GLPC.
Hermite interpolation is an extension of the basic
polynomial interpolation that not only matches discrete
information at a set of points, but also matches the rate of
change at those points.
If S is a discrete data set of distinct points defined as
follows:
S ¼ fðxi; f ðxiÞ; f 0ðxiÞÞ ji ¼ 0; 1; 2; . . .; ng ð2Þ
then there exists a unique polynomial H2nþ1ðxÞ of degree
2n ? 1 or less that interpolates the data by matching the
position of each point and the slope at each point; that is,
H2nþ1ðxiÞ ¼ f ðxiÞ and H02nþ1ðxiÞ ¼ f 0ðxiÞ;
i ¼ 0; 1; 2; . . .; n ð3Þ
H2nþ1 is called the piecewise Hermite, interpolating to
the data set S.
We used piecewise cubic Hermite interpolation func-
tion, in other words, we considered n = 1.
The total oil production from a network of n wells,
which is the sum of each well production, is a function of








f ðqg1;qg2; . . .; qgnÞ ð4Þ
where q0 is the oil production rate (STB/d) and qg is the gas
injection rate (MSCF/d). Hence, the goal of the gas
allocation optimization is to maximize the oil production.
This problem can be written as:
Max q0T ¼ Max f ðqgÞ ð5Þ
By the following constraints:
Xn
k¼1
qgk  qg Available ð6aÞ
qgk  qgkmin k ¼ 1; 2; . . .; n ð6bÞ
qgk  qgkmax k ¼ 1; 2; . . .; n ð6cÞ
It is worth mentioning that some of the wells are
naturally producing and some are almost dead at the
initiation of the gas lift. For the dead wells, generally,
a minimum amount of the injected gas is needed to
restart the flow which is equal to qgmin in our model.
Usually, if the gas injection exceeds a maximum level,
the oil production declines due to the frictional pres-
sure loss in the tubing. We consider this limit an upper
limit for the gas allocated to each well during the
optimization.
Fig. 1 Comparison between
different interpolation functions
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Optimizer machine
The response to the gas injection is different for wells in a
reservoir. Some of the wells noticeably respond to this
operation which is equal to a significant improvement in
the production rate. On the other hand, there are also some
wells which do not respond very well to the gas injection.
To allocate most of the available gas to wells in the first
category, a pre-processing procedure was applied. Hence,
for each well, slope variation of the GLPC was analyzed. If
there is no significant slope change in the GLPC due to the
gas injection, the well does not respond effectively and is
considered a ‘‘bad well’’. For better allocation of the
available gas, we attempted to not distribute gas to these
‘‘bad’’ wells.
After the initial screening of the wells, a genetic algo-
rithm approach was applied to optimize the gas allocation
problem. In any genetic algorithm approach, two functions
are initially established which are ‘‘objective function’’ and
‘‘fitness function’’. We consider our objective function as
the total oil production and the fitness function as the

















Different models were completed to achieve the best
parameters for the algorithm. In the optimized approach,
the population size was selected to be equal to 100 and the
generation amount to be 40.
To avoid fast convergence, we decided to use crossover
and mutation rate dynamically as
Crossover rate ¼ 0:4 þ 0:002  generation # ð9Þ
Mutation rate ¼ 0:4  0:002  generation # ð10Þ
The roulette wheel is regularly used as a reproduction
operator in the genetic algorithm problems; however,
because of its randomness characteristic, this sometimes
does not work. Hence, in this study, we utilized ‘‘tourna-
ment selection’’ as the reproduction operator.
In the next step, the crossover operator must be selected.
To achieve better genetic exchange between two parent
chromosomes, we decided to use two operators but not at a
same time. This means that we applied ‘‘un-uniform
crossover’’ until the specific generation and after that we
used the crossover according to the fitness operator for
faster coverage and more accurate results. The ‘‘uniform
mutation’’ is used as a mutation operator to avoid overly
fast convergence problems.
To obtain more produced oil, we had to apply the
maximum available gas amount (ideally the entire amount
of gas). To overcome this constraint, we used a novel
method instead of ordinary methods like penalty method,
etc. Thus, we generated and added another operator to
this algorithm. This operator was applied after the initial
population generation and each time the crossover and the
mutation operators were applied to populations. Through
this operator, which we called the correction operator, it
is aimed to have all of the gas to allocate among wells not
more and not less (exact same as the gas limit). The
correction operator calculates the summation of these
values at all chromosomes (possible answer) and
according to the difference of the sum and the gas limit,
the difference is added to or subtracted from each gen
(gas rate in each well) according to its ratio in the
summation.
Model results
Our proposed model can detect weak wells to allocate more
gas to other wells. Also, besides the correction operator, we
utilized dynamic rate and operators in the genetic algorithm
to empower this heuristic search.
There are two typical fields in the literature that we
used to verify our approach. These two problems were
first proposed by Buitrago et al. (1996). For convenience,
we will call their method the Buitrago et al. model. The
first case was a small study with six wells under the gas
lift operation. Then, a more complicated problem was
solved and optimized. Both systems are also compared to
the work of Ray and Sarker (2007), which used another
genetic algorithm approach to optimize the gas allocation
problem. Similarly, for convenience we will call their
method the Ray et al. model. In our examples, we assume




















Fig. 2 Results for six-well problem with different models
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Case 1: six-well problem
The problem is to maximize the total oil produced from six
wells using gas lift. Figure 2 shows the total oil production
computed by our gas allocation approach and that of other
models. The total amount of available gas was assumed to
be equal to 4,600 MSCF.
Under the natural flow, this field could produce up to
1,009.4 bbl/d of oil. Gas lift operation under our proposed
injection rate could increase the daily oil rate by around
263.98 %. Also, profits of 0.28 and 1.25 % in production
rate are gained compared to the models reported by Ray
et al. and Buitrago et al., respectively, illustrating devel-
opment of the optimization procedure. The gas rate to be
injected into each of the six wells and their corresponding
amount of oil produced is mentioned in Table 1.
Case 2: fifty-six-well problem
To examine the quality of our model for larger problems,
we studied the gas allocation to a large field with 56 wells.
Figure 3 shows our results for oil production compared to
other available models, indicating a noticeable improve-
ment in the production. In this problem, the available gas
was 22,500 (MSCF) which was distributed among 56
wells, as shown in Table 2. The production rate for this
field was 13,202 bbl/d under the natural flow conditions.
By applying the gas lift operation under our proposed
conditions, the production rate increase by 69.88 %.
Profits of 1.79 and 2.93 % in the total production rate
were achieved compared to the Ray et al. and Buitrago
et al. models, respectively. Hence, our model showed better

















Fig. 3 Results for 56-well problem with different models
Table 1 Injected gas (MSCF) and produced oil (bbl/d) in each well
for 6-well problem







Table 2 Injected gas (MSCF) and produced oil (bbl/d) in each well for 56-well problem
Well no. Injected gas Produced oil Well no. Injected gas Produced oil Well no. Injected gas Produced oil
1 678.0904 386.4259 20 1,195.159 412.3448 39 375.05 215.6578
2 685.0913 651.2954 21 991.1322 475.075 40 105.014 27.50386
3 786.1048 631.5861 22 409.0545 217.6509 41 0 372
4 0 280 23 0 944 42 0 200
5 0 281 24 1,026.137 1,679.965 43 1,289.172 406.2224
6 339.0452 355.9121 25 290.0387 521.0265 44 0 397
7 488.0651 868.3526 26 218.0291 114.1694 45 0 83
8 323.0431 280.9761 27 0 353 46 0 47
9 1,290.172 1,567.955 28 0 1,044 47 0 0
10 0 233 29 0 184 48 2,462.328 482.9696
11 1,377.184 986.9253 30 0 308 49 0 0
12 1,509.201 613.6781 31 0 354 50 0 0
13 0 108 32 309.0412 672.7353 51 0 0
14 443.0591 337.9226 33 549.0732 247.2192 52 0 0
15 836.1115 682.5637 34 0 209 53 0 0
16 786.1048 404.8933 35 390.052 242.0954 54 0 0
17 0 892 36 182.0243 214.8772 55 0 0
18 756.1008 1,270.61 37 0 64 56 2,111.282 490.3449
19 0 310 38 300.04 305.6806
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Time optimization
To this point, we had prepared an optimizer model, which
was able to optimize a gas allocation problem properly in
the gas lift operation. As mentioned, the main objective of
this paper was to consider the initiation time of the gas lift
operation in the optimized procedure. Hence, we assumed
an oil reservoir with five vertical wells, each of which had a
specific well head pressure, MD, and perforation interval.
Different initiation times were considered for the wells and
the GLPC for each case was modeled. The gas allocation
problem was optimized by our model to achieve the highest
cumulative oil production for the system for each initiation
time. We assumed that 3,400 Mscf gas was available on
each day.
To evaluate an E&P project properly, we had to consider
economical viewpoints. Discounting is a method used to
quantify time effects, as it is economically attractive to
receive payments as early as possible, i.e., until they have
been received they cannot be used by the receiver to make
a return on their investment and therefore gradually lose
value.
The annual cash flow Fk in year k can be expressed as
Fk ¼ Rk  Ek ¼ p0Nk  ðOk þ CkÞ  ðrRpoNk þ TRIbt;kÞ
ð11Þ
where R is the revenues, E is the expenses, p0 is the oil
price, N is the annual production, O is the OPEX, C is the
CAPEX, rR is the royalty rate, and TR is the tax rate; also,
Ibt is the taxable income (or income before tax) defined as:
Ibt;k ¼ poNkð1  rRÞ  Ok  DðCk;Ckþ1; . . .;CkKÞ ð12Þ
where D is the depreciation function and K the number of
years over which the CAPEX can be depreciated. In this
article, we used straight line depreciation, in which the
CAPEX was divided into equal parts over a period of
K years.
The value of S to be paid or received in year n should
therefore be reduced to a discounted value Sdisc as follows:
Sdisc ¼ S  1ð1 þ Rdisc=100Þn
 
ð13Þ
where S is the sum of money paid or received in year n in $,
Rdisc is the discount rate in % per year, and n is the number
of years since the investment.
The discounted cumulative cash surplus of a project is
often referred to as the net present value (NPV) at a par-
ticular discount rate.
Figure 4 shows the typical production rate difference
between natural flow and the gas lifted operation in our
field. In this specific case, the production rate and corre-
sponding NPV calculated until year 2 considering the well
under natural flow, and from this point until the fifth year
considering the well, are subject to the gas lift operation.
Table 3 expresses the values selected for the necessary
parameters in Eqs. 11–13. The economic performance of
the project can be calculated for different initiation times of
the gas lift, as shown in Fig. 5.
Each curve in this figure showed the oil production NPV


























Gas Li at 2nd Year
Natural Flow
Fig. 4 Production rate of the
field. Natural flow vs gas lift at
year 2
Table 3 The values for calculating NPV
Parameters Values Unit
Oil price 92 $
OPEX (variable part)
Gas lift operation cost 2 $/STBD
Natural operation cost 0.5 $/STBD
OPEX (fixed part) 20 %
CAPEX 20,000,000 $
Tax rate 40 %
Discount rate 0-5-10-15-25 %
Royalty rate 15 %
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different discount rates. For example, for a discount rate of
15 %, which is a rough estimation of the usual discount
rate in the oil and gas industries, if gas lift operation starts
in month 6, the NPV is around $278 million. However, by
delaying the operation for another 6 months, the NPV of
the field increases to around $290 million. Also, it is
noticeable that even delaying the start of the gas lift
operation to the middle of the third year does not reduce
the benefit of the project compared to the case in which the
injection is started from the first year. Hence, this approach
for modeling shows that it is critical to define the best time
for initiation of the gas lift operation and delaying it may
lead to additional benefits.
As indicated in Fig. 5, for any of the selected discount
rates, the end of the first year is the optimum point for
injection initiation. In other words, to have the best recovery
factor for the current field, it is best to allow the field to flow
naturally for 1 year before initiation of the gas lift operation.
Conclusions
In this paper, a new approach was presented regarding
the effect of the gas lift initiation time on the optimi-
zation process. A procedure was developed to select the
best initiation time for the gas lift to reach to the
highest profit for a reservoir which was producing nat-
urally and was under depletion. The proposed optimizer
algorithm was compared with previous models and its
accuracy has been confirmed. By integrating the pro-
posed algorithm with the economic model and calcu-
lating the related NPV of different initiation times, the
optimum time for starting the gas lift operation was
found. We applied our approach for a large field under
gas lift and, for usual oil and gas discount rates, the
benefit of $12 million was achieved by delaying the
operation by only 6 months.
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Fig. 5 The NPVs of the Field
in each time step
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